Introduction {#S0001}
============

Normal articular cartilage is aneural, and defects in the cartilage surface are not supposed to generate pain. However, cartilage lesion, in combination with patellar malalignment, seen in kinematic magnetic resonance images (MRI) or arthroscopy, may be correlated with pain. Abnormal patellofemoral tracking has been reported as an important component in the development of patellar chondropathy. The term 'chondromalacia' has been used in clinical practice to denote the anterior knee pain syndrome in adolescents, that is a gross, morphological, age-related, articular cartilage softening. However, these changes may also occur without perceptible symptoms, and certain painful knees may have an apparently normal articular surface. Situations in which patients with recurrent dislocation of the patella are free of pain between episodes of luxation may be approached with considerable curiosity. Some authors have sought the origin of pain in soft tissue structures around the knee \[[@CIT0001]--[@CIT0004]\]. Numerous reports from previous studies have provided a qualitative and quantitative analysis of mechanoreceptors in knees with the anterior knee pain syndrome. However, our knowledge about the distribution of nociceptors in knees with recurrent patellar dislocation is still rather scarce \[[@CIT0004]--[@CIT0009]\]. The presence of represented free nerve endings, associated with substance P (SP) expression in tissues of anterior knee pain syndrome knees, was described by Witoński *et al*. \[[@CIT0005]\]. Also, previous studies have revealed that the distribution of substance P nerve endings in the soft tissues around the osteoarthritic human knee or with ruptured anterior cruciate ligament (ACL) and meniscal lesion was not age or gender dependent. S-100 protein commonly occurs in the central nervous system, astroglia and in Schwann cells, being a good marker of nervous structures in soft tissues of the knee joint, and was chosen for evaluation of nociceptors \[[@CIT0010]--[@CIT0012]\].

Both prior findings and the above-mentioned observation prompted the reported study to be undertaken, the objective of which was to evaluate the distribution of SP and S-100 peptide immunoreactivity, to evaluate the distribution of nociceptors in joints with recurrent patellar dislocation in young patients.

Material and methods {#S0002}
====================

Tissue samples were collected for microscope and immunohistochemical studies from 20 patients (10 adults and 10 adolescents), treated at our centre during the years 2006--2008. Recurrent lateral patellar dislocation was the inclusion criterion for the adolescent group. The first incident of lateral patellar dislocation was evidently traumatic in character. Other patellar dislocations, in the number of 4 to 6, resulted from small traumatic incidents. All patellar dislocations were until the operation prophylactically treated in a stabilising orthosis, combined with ice compresses, joint relief and analgesics, approved for administration in that age group, as well as exercises. The last incident of patellar dislocation took place 6 month before surgery. Pain sensations in the study group occurred during patellar dislocation and during a further 2--4 weeks. No pain ailments were reported in that age group, either among particular patellar dislocation episodes or before the operation. Radiological examinations of the knee joint, performed immediately after dislocation and before surgery, excluded congenital knee joint malformations. Clinical examination indicated failure of the medial retinaculum with a lateral pathway of patellar movement. The patellar compression test was positive in 3 and negative in 7 children. Intraoperative examination, done during open reconstruction of medial patellar stabilisers by the Blauth procedure, did not reveal any defects in the knee joint \[[@CIT0013]\]. The mean age of the children (8 girls and 2 boys) at surgery was 14.3 years (age range: 10--17 years). The adult group consisted of 10 patients (7 female and 3 male). The mean age of the adult subjects at surgery was 66.8 years (age range: 52--83 years); all of them were treated for osteoarthritis of the knee of idiopathic origin. Cemented total knee arthroplasty with Genesis II of Smith & Nephew was applied in all the adult patients. None of them had previously undergone operations in the knee joint region or had been administered intra-articular steroid injections. Patients in that group reported severe pain sensations in the medial compartment of the knee joint, either constraining or totally limiting their mobility, while they did not mention any pain ailments in the patellofemoral joint. X-ray examination of the knee joint revealed degenerative changes of grade 3 and 4, following Kellgren-Lawrence\'s Grading Scale, that were concentrated mainly at the medial side of the knee joint \[[@CIT0014]\]. The patellar compression test was positive in 5 of the patients. None of the patients required patellar resurfacing during total knee alloplasty and none reported any pain sensations of the patellofemoral joint in further follow-up.

Tissue samples for evaluation were intraoperatively collected from the following anatomical structures: medial and lateral synovial membrane (MSM and LSM), medial and lateral patellar retinaculum (MR and LR), Hoffa\'s body (H), patellar ligament (PL) and from the aponeurosis of the quadriceps muscle of the thigh (Q).

Material processing {#S20003}
-------------------

Tissue specimens, fixed in 4% formalin, were passed through a number of reagents in a Tissue-Tek VIP tissue processor of Sakura for dehydration, fluoroscopic examination and paraffin saturation.

Such processed specimens were embedded into paraffin blocks by a histoembedder of Leica and cut on a sliding microtome of Micron into 4 µm sections, which were then placed on silanised microscope slides, staining the slices with haematoxylin and eosin (H + E) in an automatic Autocolor I stainer of Micron to be completed by immunohistochemical reactions: substance P and S-100. H + E staining was performed in a typical way \[[@CIT0015]\].

The preparations were closed with cover glasses, using the DPX Mounting Media & Section Adhesive media.

Immunohistochemical staining {#S20004}
----------------------------

An immunohistochemical study was performed, using the rabbit anti-substance P polyclonal antibody (Chemicon International, Inc., Temecula, CA, USA) and the S-100 protein mouse monoclonal antibody (Novocastra, Newcastle upon Tyne, UK). Paraffin sections were mounted onto superfrozen slides and deparaffinised. After rehydration for 5 min, the sections were reacted with 3% hydrogen peroxide in distilled water and rinsed in Tris-buffered saline. Afterwards, the slides were incubated overnight in a moist chamber with the rabbit anti-substance P antibody in 1: 2000 dilution at 4°C. The sections were then rinsed in Tris-buffered saline and a DAKO LSAB+/HRP Universal kit (DAKO A/S, Glostrup, Denmark) was used, according to the manufacturer\'s instructions. Positive immunoreactivity was visualised with diaminobenzidine as the chromogen. The sections were washed in distilled water, counterstained with H + E, and coverslipped with DPX mounting medium (TCS Biosciences Ltd, Buckingham, UK). Negative controls were carried out by incubation without the antibodies -- the results were always negative. A similar procedure was performed with the S-100 protein mouse monoclonal antibody (Novocastra; the slides were incubated with S-100 in 1: 25 dilution for 60 min).

Microscope evaluation of specimens {#S20005}
----------------------------------

The specimens were examined with an Olympus BX 50 light microscope (Olympus Corporation, Tokyo, Japan).

In the H + E-stained specimens, the number of blood vessels was evaluated in 10 visual fields. The specimens without visible blood vessels were labelled as 0, the specimens with a small number of vessels as 1, those with an average number of vessels as 2 and, finally, the specimens with a large number of vessels were labelled as 3 ([Figure 1](#F0001){ref-type="fig"}).

![Synovial membrane from the lateral compartment of the knee, H + E staining, magnification 100×. Specimens with a large number of vessels (indicated by arrows)](AMS-10-23019-g001){#F0001}

The slices were semiquantitatively examined for substance P expressing nerve fibres, which were then counted in 10 random choice visual fields (lens magnification 40×) at the centre of the microscopic field. The number of immunoreactive fibres was graded 0 (lack of nerve fibres with substance P expression) or 1 (one or more immunopositive nerve fibres with substance P expression). In each case, the arithmetic mean of substance P-immunopositive fibres in 10 visual fields was calculated. A similar procedure was performed for S-100 protein ([Figure 2](#F0002){ref-type="fig"}).

![Synovial membrane from the medial compartment of the knee, positive S-100 immunohistochemical staining, magnification 400×. The arrow indicates the place of S-100 condensation](AMS-10-23019-g002){#F0002}

Statistical analysis {#S20006}
--------------------

Statistical analyses were performed by means of SPSS 14.0 for Windows (SPSS Inc., Chicago Illinois). The Mann-Whitney U test for independent samples was used to compare the number of blood vessels and the distribution of immunopositive nerve fibres, demonstrating expression for S-100 and substance P in preparations collected from particular parts of the knee joint in children and adults. It was followed by a comparison of the studied groups of patients. Wilcoxon test for dependent samples was used to compare the number of blood vessels and distribution of nerve fibres -- the expression of S-100 protein and substance P in preparations collected from particular parts of the knee joint in children and adults. Values of *p* below 0.05 were regarded as statistically significant.

Approval for the study was obtained from the Commission of Bioethics of the Medical University (RNN/40/06/KE of February 21, 2006).

Results {#S0007}
=======

A positive immunohistochemical reaction for substance P and S-100 protein was obtained for all the examined tissues. In all the adolescents, a positive reaction for substance P was obtained for, at least, one studied knee joint structure. A negative immunohistochemical reaction for S-100 protein in all the studied knee joint structures was obtained in one child ([Tables I](#T0001){ref-type="table"} and [II](#T0002){ref-type="table"}). No statistically significant differences were demonstrated for the number of blood vessels in the specimens, collected from particular anatomical structures of adolescent and adult patients (*p* \> 0.05). Statistically significant differences were demonstrated in the number of immunopositive nerve fibres with expression for S-100 protein, regarding synovial membrane of the medial knee compartment in favour of the adolescent patients (*p* \< 0.05) ([Table III](#T0003){ref-type="table"}). There were statistically significantly more immunopositive nerve fibres with expression for substance P in children than in the adult patients, regarding the medial patellar retinaculum (*p* \< 0.05), and synovial membrane of the lateral (*p* \< 0.05) and medial (*p* \< 0.05) knee compartment ([Table IV](#T0004){ref-type="table"}).

###### 

Mean value from ten consecutive visual areas showing blood vessels, substance P, S-100 protein expression in slices excised from lateral retinaculum (LR), medial retinaculum (MR), lateral synovial membrane (LSM), medial synovial membrane (MSM), fat pad (H), quadriceps muscle tendon (Q), patellar ligament (PL) of patients in adolescent group

  Variable   Mean number of blood vessels   Mean value S-100   Substance P
  ---------- ------------------------------ ------------------ -------------
  LR         2.3                            0.6                0.8
  MR         1.8                            0.7                0.9
  LSM        2.5                            0.8                1
  MSM        2.3                            0.7                0.7
  H          1.7                            0.6                0.6
  Q          1.8                            0.6                0.5
  PL         1.5                            0.4                0.5

###### 

Mean value from ten consecutive visual areas showing blood vessels, substance P, S-100 protein expression in slices excised from lateral retinaculum (LR), medial retinaculum (MR), lateral synovial membrane (LSM), medial synovial membrane (MSM), fat pad (H), quadriceps muscle tendon (Q), patellar ligament (PL) of patients in adult group

  Structure   Mean number of blood vessels   Mean S-100 volume   Mean substance P volume
  ----------- ------------------------------ ------------------- -------------------------
  LR          2.3                            0.1                 0.3
  MR          2                              0.2                 0.1
  LSM         2.8                            0.3                 0.1
  MSM         2.8                            0.1                 0.1
  H           2.5                            0.1                 0.2
  Q           1.7                            0.3                 0.2
  PL          2                              0.2                 0.2

###### 

Differences in S-100 protein expression in slices excised from lateral retinaculum (LR), medial retinaculum (MR), lateral synovial membrane (LSM), medial synovial membrane (MSM), fat pad (H), quadriceps muscle tendon (Q), patellar ligament (PL) of patients in groups 1--2

  Variable   Value of *p*
  ---------- -----------------------------------------
  LR         0.063
  MR         0.063
  LSM        0.063
  MSM        0.023[\*](#TF0001){ref-type="table-fn"}
  H          0.063
  Q          0.280
  PL         0.481

Values statistically significant. Higher expression in recurrent patellar dislocation group

###### 

Differences in substance P expression in slices excised from lateral retinaculum (LR), medial retinaculum (MR), lateral synovial membrane (LSM), medial synovial membrane (MSM), fat pad (H), quadriceps muscle tendon (Q), patellar ligament (PL) of patients in groups 1--2

  Variable   Value of *p*
  ---------- -----------------------------------------
  LR         0.063
  MR         0.005[\*](#TF0002){ref-type="table-fn"}
  LSM        0.015[\*](#TF0002){ref-type="table-fn"}
  MSM        0.023[\*](#TF0002){ref-type="table-fn"}
  H          0.143
  Q          0.280
  PL         0.436

Values statistically significant. Higher expression in recurrent patellar dislocation group

Using the Wilcoxon test, we performed a cross analysis of distribution density of immunopositive nerve fibres for S-100 protein and substance P and of the number of blood vessels among particular knee joint structures in the adolescent patients. No statistically significant differences were found in the distribution density of immunopositive nerve fibres for substance P (*p* \> 0.05). Statistically significantly higher expression for S-100 protein was found only in synovial membrane of the lateral knee compartment vs. that in the patellar ligament. There were also more blood vessels in the lateral retinaculum vs. the medial retinaculum, a higher number of vessels in synovial membrane of the lateral compartment vs. that in the medial retinaculum, Hoffa\'s body, aponeurosis of the quadriceps muscle and patellar ligament, and a higher number of blood vessels in synovial membrane of the medial compartment vs. the aponeurosis of the quadriceps muscle and patellar ligament.

Discussion {#S0008}
==========

Regarding the lack of pain sensations in the anterior compartment of the knee joint between dislocation incidents of recurrent patellar dislocation, their causes have not been, so far, explained. The lack of pain ailments in patellar-femoral joint instability has been noted by some authors \[[@CIT0002], [@CIT0016]\]. Higher expression of S-100 protein in synovial membrane of the medial knee joint compartment was observed in the group of adolescent patients vs. that in the control group of subjects with knee joint pain, resulting from degenerative disease, as well as increased expression of substance P in the medial patellar retinaculum and in synovial membrane of the lateral and medial knee compartment vs. the control group. Witoński *et al*. did not find any differences in substance P distribution in knee joints of the subjects with degenerative joint disease and in those with post-traumatic joint defects \[[@CIT0010]\]. Our study demonstrated increased substance P expression in the adolescent patients, regarding the medial retinaculum of the patella and synovial membrane of the lateral and medial knee joint compartment, which may have been associated with primary congestion of injured structures, nerve growth factor (NGF) and vascular endothelial growth factor (VEGF) release, which -- in turn -- induces excessive innervation, promotes the proliferation of vessels and substance P release, and attracts mast cells \[[@CIT0017]\]. No differences were found in the analysed material regarding the vascularisation of knee joint structures between the children with recurrent patellar dislocation and the adult subjects from the control group with degenerative disease in the course which synovial membrane congestion was observed \[[@CIT0018]\]. The lack of ischaemic changes and of pain ailments seems to confirm the theory of Sanchis-Alfonso that implicates ischaemic changes to be responsible for pain in the anterior knee joint compartment. Those authors found histological changes, resulting from hypoxia in the lateral retinaculum, which was responsible for pain in the anterior knee joint compartment \[[@CIT0002]\]. That result may be likely to prompt a hypothesis that local congestion of soft tissues, being the expression of inflammatory status, was similar in the patients of both groups, thus not predisposing to tissue hypoxia.

The role of the lateral retinaculum in the pathology of pain in the anterior knee pain syndrome has been documented fairly well and in detail. Fulkerson explains it by an adaptive shortening of the lateral retinaculum, which undergoes stretching during knee bending, when the patella is dislocated towards the medial part. This mechanism may lead again to innervation changes on the lateral side of the knee \[[@CIT0019]\]. Other results were presented by Witoński and Wagrowska-Danielewicz, who found a higher number of free, substance P containing nerve endings in the medial retinaculum of the knee and in Hoffa\'s body in patients with anterior knee pain syndrome than in patients with degenerative disease of the knee joint and without these pain symptoms. That dependence was, however, observed in the lateral retinaculum in the three groups of examined patients. Earlier studies, performed by the second authors (DW), demonstrated uniform substance P distribution in knees affected by degenerative disease and after knee joint injuries in adult subjects \[[@CIT0005]\]. In our study, higher volumes of substance P and S-100 protein were found in certain structures of the knee joint in children vs. those in adult subjects. Statistically significant differences occurred in the medial retinaculum and synovial membrane, both on the lateral and medial side, for substance P and in synovial membrane on the medial side of the anterior compartment of the knee. There was, however, no increased expression of either S-100 protein or substance P in Hoffa\'s body vs. the group of adult subjects with degenerative disease and pain sensations localised mainly beyond the patellofemoral joint. The patients reported pain ailments mainly from the medial compartment, which may indicate a decisive role of Hoffa\'s body in pain development of the anterior compartment of the knee. That hypothesis was confirmed by a study of Bohnsack *et al*. \[[@CIT0020]\], who, while studying the distribution of substance P and S-100 protein in Hoffa\'s body and in the adjacent synovial membrane, found nerves of small diameter in Hoffa\'s body, while nerves of medium and large diameters were present in the surrounding synovial membrane. That observation confirms the hypothesis about the presence of terminal nerve endings in Hoffa\'s body and a meaningful role of the structure in pain development in the anterior compartment knee joint.

The obtained results support the theory that children with recurrent patellar dislocation are less predisposed to pain development in the anterior compartment of the knee, despite a higher number of immunopositive nerve fibres with expression for substance P in the medial knee retinaculum and synovial membrane, both on the lateral and medial side, as well as the presence of fibres with expression for S-100 protein in synovial membrane of the medial compartment with no increased expression within Hoffa\'s body. The results of our studies seem to confirm the dominant role of Hoffa\'s body as a source of pain in the anterior knee pain syndrome, which is a specific phenomenon, demanding further studies. The lack of a control group with adult subjects without any pain sensations in the knee joint, especially in its anterior compartment, may be regarded as a weak point in our study. Taking into account the ethical and legal aspects, it is impossible to obtain material for studies. Nevertheless, it seems that the group of patients with degenerative disease of the knee joint, manifested by varus bending of the limb axis and pain sensations, localised mainly in the medial part of the joint and with scarce ailments from the patellofemoral joint, may be approached as a group without pain ailments from the anterior compartment of the knee. Evidence supporting this view has been found in the lack of post-operative ailments from the patellofemoral joint without patellar resurfacing.

In conclusion, both the reported observations and previous findings indicate that the lack of pain sensations, characteristic for the anterior knee pain syndrome, in the anterior compartment of the knee of patients with recurrent patellar dislocation, may be associated with non-increased expression of nerve endings in Hoffa\'s body. Increased expression of either S-100 protein or substance P in synovial membrane and the medial retinaculum did not induce pain sensation in the knee joints of that group of patients.
